Abstract. it is abundantly clear that tumor-derived parathyroid hormone-related protein (PtHrP), receptor activator of nuclear factor-κB ligand (ranKl) and osteoprotegerin (oPG) are central contributors in promoting osteolytic process of breast carcinoma bone metastasis. forcusing on this molecular basis, the study was undertaken to explore the inhibition effects of total flavonoids from Scutellaria barbata d. don (tf-SB) on human breast carcinoma bone metastasis. mda-mB-231 cells and nude mouse models of breast cancer bone metastasis were given tf-SB in different concentrations. the proliferation, migration and invasion potentials of mda-mB-231 cells were respectively tested. the effects of tf-SB on tumor weights and bone destruction were investigated. the mrna and protein expression of PtHrP, oPG and ranKl were assessed by qPcr and western blot analysis. In vitro, tf-SB inhibited the proliferation, migration and invasion of mda-mB-231 cells in a dose-dependent manner. In vivo, tf-SB prevented bone metastasis of breast cancer by decreasing the number of osteoclast cells per field in a dose-dependent manner, but not affecting tumor growth or mouse survival. molecular analysis revealed that tf-SB controled the secretion of osteolysisrelated factors PtHrP and its downstream ranKl/oPG. together, by controlling the expression of PtHrP and its downstream OPG/RANKL, TF-SB has significant inhibition effects on breast cancer bone metastasis, which indicates a new therapeutic method.
Introduction
Breast cancer is the most common malignant tumor affecting females (1) . the leading cause of tumor death is metastasis, and bone is one of the most preferential metastatic sites for breast carcinoma (2). A number of studies have confirmed the theory called 'soil and seed', that the microenvironment of metastatic organs can be regarded as soil and the tumor cells are seeds. Both the soil and seeds can promote the occurrence and progress of tumor metastasis (3) . Particularly, as typical soil, bone tissue possesses biological microenvironment which stores and releases various growth factors for tumor growth (4) . as seeds, invasion ability of tumor cells play a decisive role (5) . in fact, the main way that metastatic breast cancer cells influence bone microenvironment and achieve breast cancer bone metastasis is through regulating osteolytic destruction, which is developed by increasing the number of osteoclasts. it is abundantly clear that breast cancer cells could in turn secrete a variety of tumor derived factors, such as parathyroid hormone-related protein (PtHrP), tumor necrosis factor (tnf), vascular endothelial growth factor (VeGf) and insulin-like growth factor (iGf), to further promote osteolytic bone metastasis (6) . of these, PtHrP plays an important role. it controls the secretion of receptor activator of nuclear factor-κB ligand (ranKl) and osteoprotegerin (oPG) to form a self-sustaining vicious circle (7) (8) (9) . this vicious circle could break the balance of osteoclasts and osteoblasts, which leads to osteolytic lesion in breast cancer bone metastasis (10) . therefore, inhibiting the expression of PtHrP and its downstream ranKl/oPG is a promising approach to weaken breast cancer-induced bone metastasis and osteolysis (11) .
currently, main medical treatments for breast carcinoma bone metastasis are bisphosphonate and densumab which are inhibitors against ranKl (12) (13) (14) . However, metastasis to bone is still uncontrollable and could greatly increase mortality and morbidity in breast cancer patients. for further decreasing skeletal morbidity and preventing disease progression, better treatments are still needed.
Scutellarin barbata d. don is a herbal plant in astragalus genus, known as Ban Zhi Lian in the field of traditional Chinese medicine (tcm), and has been widely used for treatment of various kinds of cancer, such as breast, colorectal, liver and lung cancer in china (15). although the chemical constituents of Scutellarin barbata d. don are complicated, some alkaloids, flavones, steroids have been successfully extracted and qualified. Moreover, the total flavonoids from Scutellarin barbata d. don (tf-SB) has been proven to be the effective component and provides a favorable safety profile (16). In recent years, research in china has shown that tf-SB could suppress the growth of various tumor cells through several specific signaling pathways (17) (18) (19) (20) (21) (22) . in particular, it reportedly inhibits the proliferation of several human breast cancer cell lines, such as mcf-7, mcf-10a and mda-mB-361 (23, 24) . as a well-known tcm, Scutel larin barbata d. don has attracted substantial research effort in exploring the molecular mechanism of its antitumor activity, but the details have not been clarified.
Based on these accurate mechanisms and existing antitumor evidence of tf-SB, our study evaluated the therapeutic effect of tf-SB on breast cancer and its bone metastasis. furthermore, by focusing on PtHrP and its downstream ranKl/oPG, we explore the molecular mechanism of this inhibitory effect.
Materials and methods
Reagents and antibodies. dulbecco's modified eagle's medium (dmem) (21063029; invitrogen life technologies, carlsbad, ca, uSa), 10% fetal bovine serum (fBS, 0500; Sciencell research laboratories, carlsbad, ca, uSa), trypsin-edta (15400054; invitrogen life technologies), mtt (m2128; Sigma-aldrich, St. louis, mo, uSa), 4% paraformaldehyde (sc-281692; Santa cruz Biotechnology, inc., Santa cruz, ca, uSa), dmSo (25-950-cQc; cellgro, manassas, Va, uSa), methanol (K977-4l; amresco llc, Solon, oH, uSa), transwell (3412; corning costar, inc., corning, ny, uSa), matrigel (356234; Bd Biosciences, franklin lakes, nj, uSa), transcriptor first Strand cdna Synthesis kit (04897030001) and fastStart universal SyBr-Green master (04913914001) (both from roche diagnostics, indianapolis, in, uSa), dnase i, rnase-free kit (en0521; thermo fisher Scientific, inc., Waltham, ma, uSa), trizol (Hualan Biological engineering inc., Henan, china), antibodies against PtHrP (5652-100; BioVision research Products, mountain View, ca, uSa), ranKl (GtX59855; Genetex, inc., irvine, ca, uSa), oPG (5312-100; BioVision research Products) and GaPdH (622101; Biolegend, San diego, ca, uSa), HrP-conjugated antibodies against mouse igG (BW20330016; Bioworld technology co., ltd., nanjing, china), enhanced chemiluminescence western blotting kit (32109; Pierce, rockford, il, uSa).
Preparation of TF-SB. the whole herbs of Scutellaria barbata d. don were purchased from a chinese herbal medicine store called Tong Ren Tang (Shanghai, China) and verified by TCM department of Shanghai ninth People's Hospital (Shanghai, china). the original plant materials were prepared through drying, coarse grinding, and 95% alcohol extraction twice. Secondly, after the evaporation and concentration, pH was adjusted to 2.0. The crude extracts were filtered through an aB-8 macroporous adsorption resin column. then distilled water and 70% ethanol were used to elute tf-SB. finally, the experimental doses of tf-SB were determined according to pharmacopoeia, references and results of pre-tests. In vitro experiments, the concentrations of tf-SB were as follows: 40, 80, 120, 160 and 200 µg/ml, but in vivo, the concentrations were 50, 100 and 200 mg/ml.
High-performance liquid chromatography (HPLC) analysis.
tf-SB was analyzed through the HPlc system (agilent 1100; agilent technologies, inc., Santa clara, ca, uSa). according to pharmacopoeia and relevant references, purified scutellarein, apigenin, baicalein and luteolin were chosen as reference substances. then 100 mg tf-SB and these reference substances were respectively dissolved in 50 ml methanol solution. measuring wavelength was set to 335 nm and the sample amount was 20 µl. apigenin, scutellarin, baicalein and luteolin were identified as the main component of TF-SB (Fig. 1) .
Cell line and cell culture. Breast cancer cell line mda-mB-231 was the gift from the orthopaedic laboratory of Shanghai ninth People's Hospital and was maintained in tissue engineering laboratory of Shanghai ninth People's Hospital. these cells were cultured in dmem medium, supplemented with 10% fBS and penicillin-streptomycin-amphotericin B (1x10 5 U/l). Cells were maintained at 37̊C and 5% CO 2 under humidified atmosphere. Through changing the culture media every two days and passaging every three days, the cell lines were kept in optimal density and state. the cells in logarithmic phase could be used in the in vitro experiment.
Animals. thirty female athymic BalB/c nude mice (4 weeks of age) were provided by experimental animal center of Shanghai Ninth People's Hospital. These mice were housed five per cage and kept in the same condition (specific pathogen-free, 26-27̊C, humidity, 12-h light/dark cycle, free access to water and food) strictly according to international ethical guide lines. animal procedures were strictly in accordance with international ethical Guidelines and national institutes of Health Guide concerning the care and use of laboratory animals, and protocols were approved by the ethics commi ttee of Human experimentation of Shanghai ninth People's Hospital. observing the animals twice a day and starting experiments after these mice had accustomed to the new environment.
Cell viability test. Viability of tf-SB was determined by the mtt test. cells were manipulated to cell suspension, seeded into 96-well plates at the density of 1x10 4 and cultured for 12 h. an amount of 100 µl tf-SB solution (0, 40, 80, 120, 160 or 200 µg/ml) was added into corresponding group and incubated at 37̊C and 5% CO 2 under humidified atmosphere for 48 h. then the media in these plates were removed and 20 µl of mtt reagent was added into each well. after being incubated as before for 4 h, 100 µl of mixture which contains SdS, isobutanol and Hcl was added. after being shaked and incubated as before for 8 h, the absorbance of each well was read at 540 nm by eliSa. tumor inhibition rate = (mean absorbance of control group -mean absorbance of tf-SB group)/(mean absorbance of control group) x100%.
Wound healing assay. the ability of cell migration was tested by wound healing assay. mda-mB-231 cells were seeded into 6-well plates to a density of 5x10 5 /well and cultured for 12 h. then 200 µl pipette tip was used to scratch cells in the centre points of the plates. after washing twice with phosphate-buffered saline (PBS), 100 µl of tf-SB solution (0, 40, 80, 120, 160 or 200 µg/ml) was added into corresponding group and incubated at 37̊C and 5% CO 2 under humidified atmosphere for 48 h. the scratch areas of these groups were photographed at 0, 6, 12 and 24 h. imagej software was used to set boundaries and count the number of migrated cells in these areas. the inhibition rate of cell migration = (mean number of migrated cells in control group -mean number of migrated cells in tf-SB group)/(mean number of migrated cells in control group) x100%.
Cell invasion test. transwell chamber was used to perform the cell invasion assay. Ten microliters of fibronectin (0.5 g/l) was used to coat the outside of 8-µm pore transwell chamber membrane and matrigel was used inside. fifty microliters of fBS (10 g/l) was used to block binding sites. then 200 µl of mda-mB-231 cell suspensions (5x10 5 /ml) with various concentrations (0, 40, 80, 120, 160 and 200 µg/ml) of tf-SB were added into transwell chambers. then these transwell chambers were set to keep suspension in 24-well plates which contain 500 µl of DMEM. After being incubated at 37̊C and 5% co 2 under humidified atmosphere for 24 h, residual cells in the transwell chambers were wiped off with cotton swabs. The invading cells were fixed with methanol, stained with toluidine blue, washed with PBS, photographed under microscope and counted. the inhibition rate of cell invasion = (mean number of cells in control group -mean number of cells in tf-SB group)/(mean number of cells in control group) x100%.
Breast cancer bone metastasis nude mouse model. one hundred microliters of mda-mB-231 cell suspension (8x10 7 /ml) mixed with matrigel (1:1) was injected into the femur medullary cavity of 24 nude mice to establish breast cancer bone metastasis nude mouse model. after two weeks, microcomputed tomography (micro-ct) (iViS Quantum fX) and in vivo bioluminescence imaging (iViS lumina Xr) (both from caliper life Sciences, Hopkinton, ma, uSa) were used to identify neoplasm tissues and pick-out successful models. then the nude mice were randomized into 4 groups (n=10) and given a gavage of distilled water (20 ml/kg) which contained corresponding concentrations (0, 50, 100 or 200 mg/ml) of tf-SB for 4 weeks. Survival rates of each group were recorded every week.
Micro-CT and in vivo bioluminescence imaging. the mice were anesthetized and placed into a dark room in a prone position. We used micro-ct to make full body scans and 3d reconstruction of mice in the animal laboratory of Huashan Hospital (Shanghai, china). micro-ct was for observing tumor mass and bone destruction. then in vivo bioluminescence imaging technique was performed in the same laboratory to identify the property of lumps and observing luminous intensity by setting mda-mB-231 cell suspension as control every week. tumor weights were calculated by measuring, recording and comparing luminous intensities between groups, which were evaluated according to the total number of photons detected by in vivo bioluminescence imaging technique. the tumor growth inhibition levels of tf-SB groups were measured by comparing tumor weights with control group.
Tumor and bone histology. tumor tissues and corresponding bone tissues were fixed in paraformaldehyde for 3 days and decalcified in EDTA for 3 weeks. Then these tissues were trimmed into homogeneous sections, embedded in paraffin and serially cut for pathological examination. Hematoxylin and eosin (H&e) staining was for contrasting histological characteristics and tartrate-resistant acid phosphatase (traP) staining was for observing osteoclast cells. traP-positive cells were photographed and quantified in same magnification, and data were expressed as number of osteoclasts per field.
Quantitative polymerase chain reaction (qPCR) of PTHrP, OPG and RANKL. the mrna expression levels were tested by qPcr (25) . after extracting from tumor tissue or corresponding bone tissue with trizol reagent, 1 µl of total rna was added into nucleic acid protein detector (nd-1000; nanodrop technologies, inc., Wilmington, de, uSa) to measure its concentration and od 260 /od 280 ratio. according to the qPcr kit instruction, total rna was reverse transcribed into cdna which worked as template. Pcr proceeded in a two-step method. PtHrP, oPG and ranKl were the objectives, and GaPdH was used as internal control. PtHrP forward, 5'-atcGcaGaaatccacacaGc-3' and reverse, 5'-tcatc atcaGacccaaatcG-3', product length was 110 bp, annealing temperature was 58̊C; OPG forward, 5'-CCTTGCC ctGaccactctta-3' and reverse, 5'-cccttcctcacact cacaca-3' , product length was 141 bp, annealing temperature was 60̊C; RANKL forward, 5'-CTGATGAAAGGAGGGAG cac-3' and reverse, 5'-aaGGGttGGacacctGaatG-3', product length was 127 bp, annealing temperature was 60̊C; GaPdH forward, 5'-caGGaGGcattGctGatGat-3' and reverse, 5'-GaaGGctGGGGctcattt-3', product length was 138 bp, annealing temperature was 60̊C. The expression of PtHrP, oPG, ranKl and GaPdH were determined by converting the fluorescence intensity into corresponding level of mrna and obtaining amplification curve. finally, the 2 -ΔΔct method was used for calculating the relative quantification of mrna.
Western blot analysis of PTHrP, OPG and RANKL. the protein expression levels of PtHrP, oPG and ranKl were tested by western blot analysis kit. firstly, the protein concentrations of tumor tissue or corresponding tissue were extracted by lypolysis-ultracentrifugation (4̊C, 12,000 rpm for 2 min), quantified by manufacturing a standard curve and separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SdS-PaGe). Secondly, these proteins were electrophoretically transferred to polyvinylidene fluoride (PVDF) membranes. The PVDF membranes were blocked with 5% skimmed milk for 2 h, and respectively incubated with anti-PtHrP, anti-oPG or anti-ranKl (1:500) at 4̊C overnight. GAPDH (1:1,000) was used as internal control to verify equivalent protein loading. then all the PVdf membranes were incubated with HrP conjugated goat anti-mouse secondary igG (1:2,000) for 1 h at room temperature. each band was revealed by enhanced chemiluminescence western blotting kit, then photographed and quantified by luminescent image analyzer (LAS-3000; Fujifilm, Tokyo, Japan).
Statistical analysis. results are presented as mean ± Se. Statistical analysis was performed with Student's t-test. Statistical significance was determined at P≤0.05. Statistical evaluation was done by SPSS 13.0 statistical software (SPSS, inc., chicago, il, uSa).
Results

TF-SB inhibits MDA-MB-231 cell proliferation. tf-SB has
antitumor effects in the progression of various tumors. to assess the role of tf-SB in breast cancer, we initially performed mtt assay to determine its effects on breast cancer cell viability. We chose the mda-mB-231 cell line, which is triple-negative and high invasive, for in vitro assays. cells were passaged into different groups and treated with corresponding doses of tf-SB for 24, 48 or 72 h. as shown in fig. 2 , cell viability was suppressed after the tf-SB treatment with concentration from 40-200 µg/ml. moreover, the anti-proliferative effects of tf-SB on mda-mB-231 cells occured in a dose-and time-dependent manner. after 72 h tf-SB treatment the proliferation inhibition rates of 200 µg/ml group reached 51.3%.
TF-SB inhibits MDA-MB-231 cell migration and invasion.
tumor cell migration and invasion are necessary parts of tumor metastasis. We performed wound healing assay and transwell chamber assay to determine the effect of tf-SB on mda-mB-231 cell migration and invasion. cells were treated with various doses of tf-SB (from 40-200 µg/ml) for 24 h. as shown in figs. 3 and 4, cell migration and invasion in tf-SB groups were suppressed after 24 h treatment of tf-SB. the inhibition degrees of tf-SB on mda-mB-231 increased in a dose-dependent manner and achieved maximum when received 200 µg/ml tf-SB.
TF-SB inhibits bone destruction induced by breast cancer bone metastasis while not altering tumor growth or mouse survival.
Having demonstrated the effect of tf-SB on mda-mB-231 cells, a well-established breast cancer bone metastasis model was used to evaluate its effects in vivo. to observe the degree of bone destruction, we used micro-ct and H&e staining to compare the imaging and histological characteristics between breast carcinoma xenograft and normal control groups ( fig. 5 ). osteoclast cells were developed using traP staining, and bone destruction was measured by counting osteoclast cells. As shown in Fig. 6 , the number of osteoclast cells per field in control and tf-SB treated groups (from low concentration to high) were 42±1.3, 26±0.9, 20±0.7, 16±0.7, respectively. Bone destruction indu ced by metastatic tumor cells were inhibited by tf-SB in a dose-dependent manner. But tumor weights between groups were not statistically significant until the concentration of tf-SB reached 200 mg/ml ( fig. 7) . the survival in the nude mouse model was 100% until sacrifice.
Effect of TF-SB on secretion of PTHrP and its downstream RANKL/OPG in breast cancer bone metastasis.
Having demonstrated the effect of tf-SB on mda-mB-231 cells and osteoclast cells, we continued to study the underlying molecular mechanism. PtHrP and its downstream ranKl/oPG play crucial roles in tumor progression and osteolytic lesion induced by breast carcinoma bone metastasis. In order to confirm that PtHrP pathway was responsible for explaining the inhibition effect of tf-SB, mrna expression levels of PtHrP, ranKl and oPG were measured by qPcr assays. as shown in fig. 8 , compared with control group, PtHrP and ranKl expression levels were steeply decreased in the presence of tf-SB, but oPG expression levels were slightly increased. We concluded that the mrna expression of PtHrP and its downstream ranKl/ oPG could be affected by tf-SB in a dose-dependent manner. Based on the positive results of qPcr, we further detected the effects of tf-SB on protein expression levels. in this study, protein expression of PtHrP, ranKl and oPG were analyzed using western blot analysis. as shown in fig. 9 , the highest expression levels of PtHrP and ranKl appeared in control group but decreased in tf-SB treated groups. in contrast, oPG expression levels had the opposite trend. the results indicated that tf-SB decreased the protein expression of PtHrP and ranKl, but promoted oPG. 
Disscussion
In the field of TCM, Scute llaria barbata d. don has been widely used in the treatment of inflammation and tumors by clearing heat, activating blood and dissolving stasis (15). chromatographic analysis has demonstrated that scutellarein, apigenin, baicalein and luteolin are main components to the alcohol extract of Scutellaria barbata d. don (16). moreover, tf-SB turned out to be the main effective component in previous studies which had favorable safety profile (14) . in our study, we had confirmed the existence of these main elements in tf-SB. in recent years, Scutellarin barbata d. don has been involved in numerous antineoplastic studies (17) (18) (19) (20) (21) (22) . Specific to breast cancer, alcohol extract of Scutellaria barbata d. don has shown inhibition effects on several cell lines (23, 24) .
it is generally known that breast carcinoma frequently spreads to bone (26) . in fact, approximately 70% of patients with advanced breast cancer metastasize to the skeleton and has risk of skeletal-related events (3). Bone-target metastasis of breast cancer contains multiple biological steps (27) . the interaction between bone microenvironment and metastasized breast cancer cells plays a major role (4) . it has been well accepted that osteoclasts in the bone microenvironment are responsible for metastatic osteolytic lesions in bone metabolism (28) . in fact, bone resorption begins with the recruitment of large activated multinuclear osteoclasts differentiated from non-functional multinuclear pre-osteoclasts (29) . Breast cancer cells secrete various osteolytic factors, including PtHrP, a protein, initially identified to be the factor in charge of malignant hypercalcemia (30) . in primary breast cancer, PtHrP is expressed in 50% of patients (31) . But in breast cancer bone metastasis samples, the percent rises to 90%. it is clear that tumor-derived PtHrP works as a central contributor in promoting osteolytic process of breast carcinoma bone metastasis (7, 32) . Specifically, rather than stimulating osteoclast differentiation directly, tumor-derived PtHrP could activate stromal cells and osteoblasts to upregulate ranKl expression and cocurrently lower oPG expression (8) . this forms a feed-forward pattern as mentioned above as a vicious circle with multi-interactions between malignant cells, osteoblasts, osteoclasts and bone microenvironment. ranKl is expressed on the surface of osteoblast and could interact with the receptor ranK, which is expressed on the surface of osteoclast precursor, to further activate the osteoclast differentiation (9) . ranKl binding to the ranK plays a central role in the establishment of this vicious circle. This circle could finally improve tumor cell proliferation, trigger osteoclast activation and leads to osteolytic lesion of breast cancer bone metastasis. otherwise, oPG is a decoy receptor which prevents ranKl binding to its receptor and inhibits osteoclast activation (10) . So the balance between ranKl and oPG decides the degree of osteoclastic activity and bone resorption. in our study, by particularly focusing on the role of PtHrP and its downstream ranKl/ oPG, effects and relative mechanisms of tf-SB on breast cancer bone metastasis were verified at mRNA and protein levels.
as for human breast cancer cell line mda-mB-231, owing to its high potential of invasion and metastasis, it has been identified as the ideal and most common cell line for modeling bone metastasis of breast cancer. In vitro, our laboratory firstly proved the inhibition capacity of tf-SB on cell proliferation, migration and invasion which were detected, respectively, by mtt test, wound healing assay and transwell chamber assay.
in fact, at the experimental concentrations of tf-SB ranging from 40 to 200 µg/ml, their inhibition tendencies were dosedependent. Evidence was shown that there was no benefit for further improving the experimental concentration. these positive results on mda-mB-231 cell line were the basis for further study on breast cancer bone metastasis in murine model.
In vivo, we injected mda-mB-231 cell suspension into the right femur medullary cavity of female nude mice to build breast cancer bone metastasis animal model. according to the result of random assignment, we further fed these animals with corresponding concentrations of tf-SB for one month. then macroscopic and microcosmic angles, in vivo bioluminescence and H&e staining were used to verify nude mouse models, micro-ct and traP staining for observing osteolytic lesion caused by tumor cells. as the results suggested, there was no effect of tf-SB on tumor growth and mouse survival.
it had been well accepted that osteoclasts were the major cause for metastatic osteolytic lesions in bone metabolism (28) . So focusing on the outcome of traP staining, we drew the conclusion that tf-SB could diminish osteoclast cells and ease bone destruction caused by metastatic tumor cells in bone tissue. as tumor-derived PtHrP control the secretion of ranKl and oPG, and the ratio of ranKl to oPG decides the degree of bone degradation, so inhibiting the expression of PtHrP and its downstream ranKl/oPG has been regarded as a hopeful way to impair bone destruction (7) . In order to confirm the relationship between PTHrP pathway and inhibitory effects of tf-SB on breast cancer bone metastasis, we offer evidence on mrna and protein levels. our results suggested that tf-SB could decrease mrna and protein expression of PtHrP and ranKl, but on the contrary, promote oPG expression. So a positive correlation had been established between the phenomenon and mechanism. the data in vitro and in vivo from our study suggest that TF-SB treatment has beneficial effects on breast cancer bone metastasis by controlling the expression of PtHrP and its downstream oPG/ranKl. Here we reported that tf-SB targeting the PtHrP pathway offered a new approach for therapeutic intervention in breast carcinoma bone metastasis. However, for the pursuit of more effective and selective treatments, further research could establish positive control drugs, focus on purified components of TF-SB and extend upstream of PtHrP pathway, such as tGf-β. more study should be done to resolve the unconformity between bioactivity of tumor cells and bioavailability of tf-SB.
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